Customer Relationship Management (CRM) enjoys increasing attention since customers are known to be of pivotal importance to the long-term profitability and development of enterprises as well as commercial banks. With the competition among banks being more and more severe, customers' loyalty has become the decisive factor of a bank's profitability, as an increase in customer retention rate can be very profitable. In this paper, a structural equation model (SEM) is used to research into the measurement of customer loyalty and the factors that influence it. Based on an American Customer Satisfaction Index (ACSI) model, this model takes into consideration Chinese commercial banks' specific situations and improves the latent variables, manifest variables and the structure of the ACSI model. Then a partial least squares (PLS) approach is adopted to estimate the parameters in SEM. By using this model, further analysis can be conducted. A numerical example has been offered with the data deriving from a practical survey of a Chinese commercial bank. The results of the example have been analyzed and corresponding measures can be taken to improve services, thus increasing customer loyalty.
Introduction
Since China entered the World Trade Organization (WTO) in the year 2001, the opening pace of the Chinese financial industry has been much quicker. As a part of the WTO commitments, China will completely open her bank sector to foreign banks from 2007. Consequently, Chinese commercial banks will face more and more severe competition in the very near future.
The customer is the source of bank profit. Studies indicate that 20% customers of retail bank yield more than 100% profit [1, 2] , therefore international banking industry pays much attention to CRM. Now CRM enjoys increasing attention since customers are known to be of pivotal importance to the long-term profitability and development of commercial banks, and the customercentric management idea has prevailed upon Chinese commercial banks. On the one hand, commercial banks must make great efforts to acquire new customers; on the other hand, they have to improve their service quality continuously in order to retain existing customers. M.T. Maloney and R.E. McCormick's study on customer value indicates that the cost of acquiring a new customer is 4~5 times that of retaining an existing customer [3] . Therefore, commercial banks may increase their profit by improving the customer retention rate and customer loyalty. Thus it can be seen that customer loyalty of commercial banks has become a decisive factor of their profitability as well as an important part of their core competence.
There are many factors that influence customer loyalty. How to find out the most important ones from all of the factors and take corresponding measures to improve banks' service quality and customer loyalty is a crucial issue for Chinese commercial banks.
Most researchers consider that customer loyalty is the measurement of customer behaviours [4] [5] [6] [7] [8] [9] [10] . Some researchers think that customer loyalty is the probability of customers' purchasing the products and services of an enterprise or the probability of repeated purchase behaviour [4] [5] [6] , others think that customer loyalty is the measurement of customers' purchase frequency and purchase quantity [7] [8] [9] [10] . Gerpott et al. [11] analyzed the relations among customer satisfaction, customer loyalty and customer retention in the German mobile communications market by using the LISREL method. David W. Wallace et al. [12] studied customer loyalty in the context of multiple channel retail strategies. Using a binomial logit model, Kim and Yoon [13] researched into the determinants of subscriber churn and customer loyalty in the Korean mobile telephony market, etc.
These studies analyzed the strategies to improve customer loyalty and the factors that influence customer loyalty. But how to measure customer loyalty still needs further research, and quantitative studies on how customer loyalty is influenced are even scarcer.
In this paper, an SEM, a multiple equation causality model, is established to study customer loyalty of a Chinese commercial bank. Using SEM, the relations among variables could be analyzed, and customer loyalty could be measured. We can also find out which variables influence customer loyalty most, and the degree of such influence could be quantified. Therefore, we are able to know in which aspects a commercial bank should make improvements to enhance customer loyalty.
The structure of this paper is as follows. In Section 2, a structural equation model is used to study how customer loyalty is influenced by other factors. A customer loyalty index (CLI) is put forward to measure customer loyalty. Section 3 explains why PLS is chosen to estimate the parameters. In Section 4, a numerical example has been offered. A questionnaire is designed for commercial banks' customers. Using this questionnaire, an investigation into a commercial bank's customers is conducted to collect the needed data. After testing the collected data, the PLS method is used to estimate the parameters of SEM. Furthermore, the factors that influence customer loyalty of the commercial bank are analyzed and the CLI is computed. Section 5 is our conclusions.
Structural equation model of customer loyalty
In some sense, customer loyalty is a kind of description of customers' psychological behaviour. Before choosing a corporation's products and services, customers always have certain anticipation, which affects their perception into the quality of products and services. Corporation's image and customer's perception into the quality of products and services jointly decide customers' satisfaction to this corporation. Ulteriorly, customer satisfaction will have some effects on customer loyalty. There are complicated causality among customer loyalty, perceived quality, perceived value and other variables. These variables are customers' psychological perception which could not be measured directly and accurately. Since SEM can be used to analyze the complicated relationship which involves latent variables, a structural equation model is constructed to study the measurement of commercial banks' customer loyalty and the factors that affect it.
SEM consists of two parts, the Measurement Model describing the relations between Latent Variables and their own measures, which are called Manifest Variables, and the Structure Equation Model describing the causal relations between Latent Variables. Variables like customer loyalty, perceived value and perceived quality describe customers' psychological perception. These variables can not be measured directly, so they are called Latent Variables. Every Latent Variable can be depicted by several variables which can be directly measured, and these variables are called Manifest Variables.
Many popular traditional methods (such as regression) allow dependent variables to have measurement errors, but they assume independent variables didn't have any errors. When neither dependent variables nor independent variables could be measured accurately, the traditional methods can not be applied to estimate the relationship among variables. In this circumstance, SEM can offer a better solution [14] .
According to the customers' characteristics in China, the corresponding latent variables and manifest variables, the causal relations among them are designed by taking a new latent variable, corporation's image into consideration, as shown in Figure 1 . 
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Measurement model
Customer loyalty structural equation model.
Customer Loyalty Index (CLI)
In order to measure Customer Loyalty, Customer Loyalty Index is presented as follows: π denotes the weight of the ith manifest variable. In our questionnaire survey, all the manifest variables are scaled from 1 to 10. Scale 1 expresses a very negative point of view on the product and service, while scale 10 a very positive opinion. We use 10/n to normalize the index to ensure that the minimum possible value of CLI is 0 and its maximum possible value is equal to 100. Therefore, high CLI indicates a high level of customer loyalty.
Partial Least Squares (PLS) estimation procedure
There are two well-known estimation methods of SEM with Latent Variables: LISREL and PLS [15] . LISREL is a maximum likelihood method, while PLS is a least squares method. LISREL assumes a multivariate normal distribution of observed variables, and tries to fit the observed covariance matrix with the model covariance matrix estimated by model parameters. Its goal is, in a sense, to predict (which is another expression for "fit") a covariance matrix, rather than predict dependent variables such as customer's behaviour. Furthermore, LISREL requires large sample sizes.
On the other hand, the PLS algorithm does not assume any distribution of the variables, and it specifies both the measurement and structural model as predictive relations. Once these predictive relations are specified, the estimation is a matter of minimizing the residual variances in the measurement models (measurement error variances) and structural equation models (prediction error variances). PLS weights are determined so that the least squares estimation of the model with given Latent Variables scores minimizes a combination of residual variances in the model. In addition, PLS only needs relatively small sample sizes.
The basic PLS algorithm for SEM with Latent Variables is as follows [16] π . An iteration is completed. Repeating stages 1 to 4 until convergence is obtained, and the procedure is repeated k times.
Stage 5: ξ is estimated by a similar procedure. A simple example of SEM. All the items are scaled from 1 to 10. Scale 1 expresses a very negative point of view on the product and service, while scale 10 a very positive opinion.
Data analysis
Since LISREL requires that observed variables should meet normal distribution, we checked our sample data. Using One-Sample Kolmogorov-Smirnov Test, it can be found out that our data failed to meet normal distribution. Here is an example, the observed value of variable x12, to illustrate the case. Histogram of manifest variable x12 is as follows. Histogram of manifest variable x12.
From the histogram, it is not obvious whether x12 has normal distribution. Therefore we conduct One-Sample Kolmogorov-Smirnov Test. Table 2 shows the results.
It can be seen from Table 2 that asymptotic significance (two-tailed) of x12 is 0.001. It is less than 0.05 significance level and does not have normal distribution. 
Parameters estimation
Utilizing the survey data, PLS estimation procedure is used to estimate the parameters of SEM. After five iterations, the parameters' convergence is obtained. 
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One-sample Kolmogorov-Smirnov test. Customer loyalty has a significant impact on Customer Satisfaction. Therefore to retain its customers, the commercial bank must make great efforts to enhance Customer Satisfaction.
Customer Loyalty Index (CLI)
2) Corporation image has some impact on Customer Loyalty, but it is not as important as Customer Satisfaction. It means that good image can help the commercial bank to attract customers, but what affect the commercial bank's customer retention most is Customer Satisfaction.
3) Customer complaints have certain negative impacts on customer loyalty. So the commercial bank should raise the service quality, deal with customer complains seriously and timely, and reduce the negative impacts to the minimum. 4) Perceived Quality has significant impact on Customer Satisfaction, so the commercial bank must improve their service level to enhance Customer Satisfaction. 5) Several manifest variables have significant impact on perceived quality, they are listed in descending order by their influence as follows: service attitude of bank clerks, technical level, bank's capacity to meet customers' personal business demand and customers' waiting time . 6) Perceived Value has some positive impact on Customer Satisfaction, but its influence degree is much less than Perceived Quality. It indicates that at present the fees and prices of this bank are relatively reasonable, what customers care most is the service quality offered by this bank.
7) The Customer Loyalty Index (CLI) of this bank is only 45.0894, which is much less than the maximum CLI (100). It means that this bank's customer retention is poor, and it must take powerful measures to keep its customers.
Conclusion
In this paper, according to the situation of the bank, the Structural Equation Model was constructed to study the relationships among customer loyalty and some factors. PLS procedure was employed to estimate the parameters of SEM based on a survey among 65 customers of a bank. From this bank's customer loyalty SEM we can find out that service quality and bank's capacity to meet customers' personal business demand are the most important factors influencing the commercial bank's customer retention. Only by sticking to be customercentred and reinforcing customer relationship management, can the bank win the drastic competition in the Chinese finance market.
